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(54) Method of cleaning solid/liquid separation element and solid/liquid separation apparatus

(57) It is an object of the invention to provide a

method of cleaning a solid/liquid separation element

and a solid/liquid separation apparatus capable of suffi-

ciently preventing clogging of a solid/liquid separation

element using a membrane, a filter cloth or the like.

In a method of cleaning an element 3 for cleaning

the solid/liquid separation element 3 arranged to dip in

water to be treated 2 in a treatment water tank 1 by flu-

idizing floated solids 9 in the water to be treated 2, the

element 3 is backwashed by supplying cleaning water to

an inner portion of the element 3. In this case, dogged
matters at the inner portion of the element 3 are

expelled and simultaneously therewith » adhered matters

adhered onto the surface of the element 3 are expanded

to an outer side. The expanded adhered matters are

easily peeled off by the floated solids 9.
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Description

[0001] The present invention relates to a method of

cleaning a solid/liquid separation element such as a

membrane or a filter cloth arranged to dip in water to be 5

treated of a treatment water tank and a solid/liquid sep-

aration apparatus.

[0002] Although there have been many methods as

methods of separating particles present in waste water

or the like from the waste water or separating sub- io

stances dissolved in water, as a representative method,

there is a method of using a solid/liquid separation ele-

ment such as a membrane, a filter cloth or the like. The
method is provided with many advantages in which in

separating suspended substances, biological sludge, is

flocculated sludge or the like in water to be treated, clar-

ified treated water is stably obtained, concentration of

sludge can be carried out and so on. Further, when a

reverse osmosis membrane or the like is used, sub-

stances dissolved in water can also be separated. 20

[0003] Among the membrane separation methods,

as a method particularly attracting attention, there is

provided a method of a dipped membrane. According to

the method, a membrane element is arranged to dip In

water to be treated contained in the treatment water 25

tank and the membrane permit only water in the water

to be treated to permeate as treated water In this case,

the treated water is permeated by applying pressure on
the side of the water to be treated of the membrane or

exerting sucking force from the side of the treated water 30

of the membrane.

[0004] However, when the water to be treated is

intended to filtrate in the dipped membrane method,

suspended substances or high molecular substances in

the water to be treated remain at a membrane face, are 35

gradually adhered to or are concentrated on the mem-
brane face to thereby deteriorate the permeating func-

tion of the membrane element.

[0005] Hence, in the dipped membrane method,

there has been proposed to also use a method of clean- 40

ing the membrane element in which a floated solid of

plastic or the like is charged into the treatment water

tank, aeration is carried out by supplying gas of air or

the like from below of a hollow fiber membrane element,

the floated solid is fluidized by a lift operation or an agi- 45

tation operation and a shear force is exerted by making
the floated solid collide with the membrane face to

thereby prevent solid matters or the like from adhering

to the membrane face {JP-A-6-182396).

[0006] However, according to the method of clean- so

ing a membrane element in the conventional dipped

membrane method, mentioned above, there is a con-

cern of destructing the membrane face when the shear

force of collision exerted on the membrane face by the

floated solid becomes large and the collision force can- ss

not be made large excessively. Therefore, solid matters

adhered to the membrane face are liable to remain and
when the membrane separation is continued, adher-
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ence of solid matters is progressed and a filtration

resistance becomes large. Further, even when the sur-

face of the membrane can be peeled off by the floated

solid, very small particles which have invaded the inner

portion of the membrane cannot be removed. Accord-

ingly, the membrane separation treatment cannot be
continued over a long period of time. Particularly, when
the treatment is carried out by reducing an amount of

using a separation element such as a membrane or the

like and increasing the filtration rate in order to achieve

compact formation and low cost formation of the appa-

ratus, the clogging phenomenon significantly occurs

and its improvement has been desired.

[0007] Hence, in view of the above-described situa-

tion, it is an object of the present invention to provide a
method of cleaning a solid/liquid separation element

and a solid/liquid separation apparatus capable of suffi-

ciently preventing clogging of a solid/liquid separation

element such as a membrane, a filter cloth or the like.

[0008] In order to achieve the above-described

object, the Invention is featured In a method of cleaning

a solid/liquid separation element for cleaning the

solid/liquid separation element arranged to dip in water

to be treated in a treatment water tank by fluidizing a
floated solid in the water to be treated wherein the

solid/liquid separation element is backwashed by sup-

plying cleaning water intermittently to an inner portion of

the solid/liquid separation element.

[0009] According to the invention, when the

solid/liquid separation element is backwashed by sup-

plying the cleaning water intermittently to the inner por-

tion of the solid/liquid separation element, clogged

matters at the inner portion of the element for separa-

tion are expelled by the cleaning water. Further,

adhered matters adhered onto the surface of the

solid/liquid separation element are pushed out to an
outer side and expanded. At this occasion, on the outer

side of the solid/liquid separation element, the floated

solid is fluidized and accordingly, the expanded adhered
matters are easily peeled off by the floated solid.

[0010] According to the above-described cleaning

method, when the solid/liquid separation element com-
prises a plurality of solid/liquid separation elements, it is

preferable to backwash the solid/liquid separation ele-

ment by supplying the cleaning water successively to

every portion of the plurality of solid/liquid separation

elements. In this case, during a time period of back-

washing, only a portion of the solid/liquid separation

element is always backwashed and the remaining

solid/liquid separation elements are not backwashed.
Therefore, cleaning of the solid/liquid separation ele-

ment and continuous treatment of the water to be
treated can simultaneously be carried out. Further. In

comparison with a case in which all of the solid/liquid

separation elements are simultaneously backwashed.
am amount of supplying the cleaning water can be
saved and downsizing of a pump of the like used in sup-

plying the cleaning water can be achieved.
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[0011] Further, The invention Is featured In a

solid/liquid separation apparatus comprising a treat-

ment water tank, a solid/liquid separation element

arranged to dip in water to be treated in the treatment

water tank, a floated solid present in the water to be 5

treated, an air supply device for fluidizing the floated

solid by supplying a gas to the water to be treated and

discharging means for discharging treated water pro-

duced by subjecting the water to be treated to solid/liq-

uid separation by the solid/liquid separation element 10

from the treatment water tank, further comprising clean-

ing water supplying means for supplying cleaning water

to an inner portion of the solid/liquid separation ele-

ment. It is preferable in the above-described solid/liquid

separation apparatus that the solid/liquid separation 15

element comprises a plurality of solid/liquid separation

elements and the cleaning water supplying means can

supply the cleaning water to every portion of the

solid/liquid separation element. According to the inven-

tion of the apparatus, the above-described cleaning 20

method can effectively be carried out.

[0012] In the practice of the operation of the mem-
brane filtration, when a constant flow rate of air is nor-

mally discharged from the diffusing pipes, there may
occur a situation, in which there are portions having a 25

large flow speed of air and water and portions having a

small flow speed thereof on the membrane face. That is,

air flow and water flow are not sufficiently distributed

over a total of the surface of the membrane of the mem-
brane element. Further, since the constant flow rate of 30

air is discharged, a direction of the water flow relative to

the membrane face of the membrane element becomes
substantially constant. As a result, clogging of the mem-
brane becomes partially significant, there causes a

need of cleaning the membrane at an early stage and 35

frequently and a long time period of stable operation of

the membrane separation apparatus becomes more dif-

ficult.

[0013] Hence, in view of the above-described situa-

tion, it Is a further object of the invention to provide a 40

membrane separation apparatus and a method of

cleaning a membrane thereof capable of carrying out a

long time period of stable operation of the membrane
separation apparatus by sufficiently preventing clogging

of the membrane over a total of the membrane face. 45

[0014] In order to achieve the above-described

object, a method of cleaning a membrane according to

the invention is featured in that the membrane element

is cleaned by aerating a gas discharged via a plurality of

diffusing ports, the diffusing ports for discharging the so

gas are switched at least one time. In this embodiment,

"switching" signifies that while gas remains to discharge

from portions of diffusing ports, gas is started to dis-

charge from remaining diffusing ports.

[0015] According to the constitution, discharge and 55

stop of gas from the respective diffusing ports is repeat-

edly carried out by switching the diffusing ports for dis-

charging the gas. Therefore, intensities of air flow and

water flow are frequently changed In respect of the sur-

face of the membrane of the membrane element. Fur-

ther, by switching the diffusing ports for discharging air,

positions of aeration are changed, and positions of por-

tions of much aeration and positions of portions of little

aeration in the membrane element are changed and a

path of circulating water flow is changed.

[0016] According to a further embodiment of the

invention the problem is addressed, that according to

the conventional membrane filtration apparatus, in

injecting the chemical solution into the flat membrane
element, not only treated water remaining in the flat

membrane element constitutes a resistance and flow of

the chemical solution is hampered by the treated water

but also the chemical solution Is diluted.

[0017] Therefore, a time period for the chemical

solution having a sufficient concentration to reach the

rear side of the membrane face is prolonged and
accordingly, a time period required for cleaning is pro-

longed but also the cost of the membrane filtration

apparatus becomes high. Further, the chemical solution

cannot be uniformly supplied to all the region in the flat

membrane element and accordingly, the membrane
face cannot be cleaned sufficiently uniformly

[0018] According to a further aspect of the Inven-

tion, there is provided a membrane filtration apparatus

characterized by chemical solution injecting means for

injecting a chemical solution into the membrane ele-

ment via the first line and a second line connected to a
portion of the membrane element different from a por-

tion connected with the first line for discharging the

water to be treated in the membrane element.

[0019] In a first embodiment a chemical solution

tank is connected to the first line and a level of the

chemical solution in the chemical solution tank is made
higher than the second line. In a second embodiment a

chemical solution tank is connected to the first line and
a level of the chemical solution in the chemical solution

tank is made lower than the second line. In a third

embodiment the first line and the second line are con-

nected to portions on a diagonal line of the membrane
element.

[0020] An explanation will be given of embodiments
of solid/liquid separation apparatus according to the

Invention as follows. Further, In all the drawings, same
or equivalent constituent elements are attached with the

same notations and a duplicated explanation thereof

will be omitted.

Brief Description of the Drawings

[0021]

Fig. 1 is an outline sectional view showing an

embodiment of a solid/liquid separation apparatus

according to the invention.

Fig. 2 is a flowchart showing an embodiment of a

method of cleaning a solid/liquid separation ele-
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ment according to the invention.

Fig. 3 is an outline sectional view showing other

embodiment of a solid/liquid separation apparatus

according to the invention.

Fig. 4 is a flowchart showing other embodiment of a 5

method of cleaning a solid/liquid separation ele-

ment according to the invention

Description of the Reference Numerals and Signs

10

[0022] 1 . . • Treatment water tank, 2 • • • Water to

be treated, 3 • • • Membrane element (solid/liquid sepa-

ration element). 4 • • • Diffusing pipe (air supply appara-

tus), 7,15 • • - Sucking valves (discharging means),

8 • • • Sucking pump (discharging means), is

9* • -Floated solid, 10- • -Cleaning water storing

source (cleaning water supplying means),

11,16- • - Backwash valves (cleaning water supplying

means), 12- - -Backwash pump (cleaning water sup-

plying means), 14 • • • Cleaning water, L2 • • • Line (air 20

supply apparatus), 5 • - - Air supply source (air supply

apparatus), L3,L8- • • Water collecting pipes (discharg-

ing means), L4,L6- • - Discharge lines (discharging

means), L5,L7- - - Backwash lines (cleaning water

supplying means). 25

[0023] Fig. 1 is an outline sectional view showing a

membrane separation apparatus as an example of a

solid/liquid separation apparatus. As shown by Fig. 1,

the membrane separation apparatus is installed with a

treatment water tank 1 and a water to be treated supply- 30

ing line LI for supplying water to be treated 2 into the

treatment water tank 1 . Activated sludge is charged into

the treatment water tank 1 such that organic matters in

the water to be treated 2 can be decomposed. For that

purpose, in order to adjust a concentration of the acti- 35

vated sludge in the treatment water tank 1 , a side face

of the activated sludge treatment water tank 1 is

installed with a sludge discharging groove 17. The
sludge discharging groove 17 is for storing sludge dis-

charged from the treatment water tank 1 through a net 40

18 and is connected to a sludge discharging line L9.

[0024] In the treatment water tank 1 , a plurality (4

sheets in Fig. 1) of membrane elements (solid/liquid

separation elements) 3 in a flat plate shape are paral-

lelly installed at pertinent intervals. The membrane ele- 45

ment 3 is for separating the water to be treated 2 into

treated water and solid matters and as a membrane
used in the membrane element 3, there is used, for

example, a reverse osmosis membrane (RO mem-
brane), a nano filtration membrane (NF membrane), an so

ultrafiltration membrane (UF membrane) or a micro fil-

tration membrane (MF membrane).

[0025] Each of the membrane elements 3 is con-

nected with a water collecting pipe L3 and the water col-

lecting pipes L3 are connected to one discharge line L4. 55

The discharge line L4 is attached with a sucking valve 7

and a sucking pump 8. Further, treated water may be

discharged by utilizing water pressure of the treatment

water lank 1 without using the sucking pump 8.

[0026] A diffusing pipe 4 for generating air bubbles

13 are arranged below the membrane elements 3 and

the diffusing pipe 4 is connected to an air supply source

(for example, blower) 5 via a line L2. Further, an air sup-

ply apparatus is constituted by the diffusing pipe 4, the

line L2 and the air supply source 5.

[0027] Floated solids 9 are present in the water to

be treated 2. The floated solid 9 is not particularly

restricted so iar as it is easy to fluid ize in the water to be

treated 2, the floated solid 9 having the specific gravity

of about 0.5 through 4 is preferable. The particle size of

the floated solid 9 is not particularly restricted so far as

it is a size which does not cause clogging between con-

tiguous ones of the membrane elements 3 and the size

is preferably about 1 through several tens millimeter in

view of recovery and prevention of flowing out. The

shape of the floated solid 9 is not particularly restricted

so far as it does not significantly damage the surface of

the membrane and may be a spherical shape, a granu-

lar shape, a columnar shape or a hollow shape. As
material of the floated solid 9, there are pointed out, for

example, plastic of polypropylene, polystyrene, poly-

urethane or the like, mineral of activated carbon, zeolite

or the like and so on, and there can be used also floated

solid generally used as an organism adhesion carrier in

a biological reactor. Further, a cleaning effect by colli-

sion is important for the floated solid 9 and the floated

solid 9 is not limited to that having a particularly large

surface area as in the organism adhesion carrier. Fur-

ther, an amount of adding the floated solid 9 to the treat-

ment water tank 1 Is about 1 through 25 % in volume

ratio. With less than 1 % thereof, the cleaning effect

tends to be insufficient and with larger than 25 %
thereof, clogging and flocculation tend to become diffi-

cult among the membrane elements 3 and the destruc-

tion of the membrane face tends to become significant.

[0028] Although according to the floated solid, the

cleaning effect is achieved by collision with the surface

of the membrane element 3. when the collision force of

the floated solid 9 exerted on the surface of the mem-
brane element 3 is large, there is a concern of causing

the destruction of the membrane and the contaminated

water to be treated 2 is discharged as treated water.

Particularly, when the apparatus is operated by increas-

ing the filtration rate for saving the membrane used or

compact formation of the membrane separation appara-

tus, the collision force of the floated solid 9 needs to fur-

ther increase. In this case, an amount of the floated

solid 9 charged needs to increase or particles having

large collision force needs to use by which damage on

the surface of the membrane element 3 becomes more

significant. Accordingly, the floated solid 9 needs to col-

lide with the surface of the membrane element 3 perti-

nently. Further, when the apparatus is operated by

increasing the filtrafion rate, even when adhesion of

adhered matters onto the surface by the floated solid 9

is intended to prevent assumedty under a violent condi-

4
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tron, clogging of an inner portion of the membrane ele-

ment 3 is progressed and the membrane separation

becomes difficult. The clogging in this case cannot suf-

ficiently be removed only by making the floated solid 9

collide with the membrane element 3.

[0029] Hence, the inventors have found that the

cause of the membrane clogging at the membrane ele-

ment 3 is not brought about only at the surface of the

membrane of the membrane element 3 but brought

about also in pores of the membrane and found that the

clogging of the membrane element 3 can effectively be

removed by backwashing the membrane element 3 by

supplying cleaning water from the inner portion of the

membrane element 3. Therefore, the membrane sepa-

ration apparatus is installed with a cleaning water stor-

ing tank 10 for storing cleaning water 14. The cleaning

water storing tank 10 and the discharge line L4 are con-

nected to each other via a backwash line L5 and the

backwash line L5 is attached with a backwash valve 1

1

and a backwash pump 1 2. Accordingly, when the back-

wash valve 11 is opened and the backwash pump 12 is

operated, the cleaning water Is supplied to the inner

portion of the membrane element 3 via the backwash

line L5 and the discharge line L4. Although as the clean-

ing water 14 stored in the cleaning water storing tank

10, for example, industrial water, treated water or the

like Is used, in view of promoting the cleaning effect of

the membrane element 3, it Is preferable to use an

aqueous solution mixed with an acid (hydrochloric acid,

sulfuric acid, citric acid or the like), an alkali (sodium

hydroxide or the like), an oxidant (sodium hypochlorite

or the like), a reducing agent, a chelating agent, a sur-

factant or the like. Further, cleaning water supplying

means is constituted by the backwash line L5, the

cleaning water storing tank 10, the backwash valve 11

and the backwash pump 12.

[0030] Further, it is preferable in view of promoting

the cleaning effect of the membrane element 3 by the

cleaning water 14 that the backwash line L5, the water

collecting pipe L3 or the discharge line L4 is connected

to the air supply source 5 or an air supply source

installed separately via an air introducing line, not illus-

trated.

[0031] Next, an explanation will be given of the

operation of the membrane separation apparatus hav-

ing the above-described constitution In reference to a

flowchart of Fig. 2.

[0032] First, there is brought about a state in which

the suction pump 8 is operated, the sucking valve 7 is

opened, the backwash valve 1 1 is closed and the back-

wash pump 12 is stopped. Then, negative pressure is

caused at inner portions of the respective membrane
elements 3 and the water to be treated 2 is sucked via

the membranes of the membrane elements 3. The per-

meated water is discharged as treated water via the

water collecting pipes L3 and the discharge line L4. In

this way, membrane separation of the water to be
treated 2 is canied out. Meanwhile, the blower 5 consti-

tuting the air supply source is operated, air Is made to

pass through the line L2 and the diffusion pipe 4 to

thereby supply the air bubbles 13 to the water to be

treated 2. By this, the air bubbles 13 ascend, and the

5 floated solids 9 in the water to be treated 2 are fluidized.

At this occasion, the floated solids 9 collide with the sur-

faces of the respective membrane elements 3 and water

flow by air passes through the surfaces of the mem-
brane elements 3. In this way, the water to be treated 2

70 Is subjected to solid/liquid separation, simultaneously

therewith, adhered matters onto the surfaces of the

membrane elements 3 are prevented from adhering by

the floated solids 9 and the water flow to thereby clean

the membrane element 3 (S100).

15 [0033] When a predetermined period of time has

elapsed after starting the membrane separation, the

membrane elements 3 are cleaned as follows (S101) .

That is, firstly, there is brought about a state in which the

sucking pump 8 is stopped, the sucking valve 7 is

20 closed, the backwash pump 12 is operated and the

backwash valve 11 is opened (S102). Thereby, sucking

of the water to be treated 2 is stopped and the cleaning

water 14 is drawn firom the cleaning water storing tank

10. The cleaning water 14 flows into the respective

25 membrane elements 3 via the backwash line L5 and the

respective water collecting pipes L3 to simultaneously

backwash all of the membrane elements 3. At this occa-

sion, by the cleaning water 14, clogged matters at Inner

portions of the membrane elements 3 are expelled and
30 further, adhered matters adhered onto the surfaces of

the membrane elements 3 are pushed out to the outer

side by the cleaning water 14 and expanded. Accord-

ingly, the adhered matters which have expanded are

easily peeled off by the floated solids 9 which are fluid-

35 ized. Accordingly, the membrane separation apparatus

can stably be operated without clogging the membrane
elements 3. Further, the cleaning operation from the

outer portions and the inner portions of the membrane
elements 3 is achieved as a synergic effect and accord-

40 Ingly, collision of the floated solids 9 can be candled out

under a mild condition and accordingly, destruction of

the membrane elements 3 can sufficiently be prevented.

[0034] When a predetermined period of time has

elapsed and the operation is continued, the backwash
45 pump 12 is stopped, the backwash valve 11 Is closed,

the sucking pump 8 is operated and the sucking pump 7

is opened (SI 03). In this way, membrane separation of

the water to be treated 2 is again carried out and there-

after, similar operation is repeated.

50 [0035] Although a frequency suitable for carrying

out backwashing operation depends on the filtration rate

constituting an operational condition, properties of

sludge In the water to be treated 2 and a kind of the

membrane element 3 used, it is preferable to carry out

55 backwashing operation for a short period of time at

every several minutes through several hundreds hours

of filtration.

[0036] Further, although a rate of supplying the

5
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cleaning water 14 in the backwashing operation

depends on the membrane element 3 used, the supply

rate is preferably one through several hundreds times

as much as the filtration rate.

[0037] In the backwashing operation, when an 5

aqueous solution of industrial water or treated water

mixed with an acid, an alkali, an oxidant, a reducing

agent, a chelating agent, a surfactant or the like is used

as the cleaning water 14, the cleaning effect is further

promoted in comparison with a case in which an acid, io

an alkali or the like is not added. Further, when a gas of

air or the like is introduced into the line L5 and the gas

is supplied to the cleaning water 14 in the backwashing

operation, the cleaning effect is further promoted.

[0038] Further, the backwashing operation of the is

membrane elements 3 may be carried out by measuring

pressure loss of the membrane element 3 and at a time

point when the pressure loss is increased (clogging).

[0039] Next, an explanation will be given of a sec-

ond embodiment of a solid/liquid separation apparatus 20

according to the invention.

[0040] The membrane separation apparatus as the

second embodiment of the solid/liquid separation appa-

ratus differs from the membrane separation apparatus

according to the first embodiment in the following points. 25

That is, the membrane separation apparatus according

to the second embodiment Is further provided with at

least one (one in Fig. 3) of a discharge line L6 con-

nected to the discharge tine L4. The discharge line L6 is

connected with at least one sheet (2 sheets in Fig, 3) of 30

membrane elements 3B via water collecting pipes L8

and the discharge line L4 is connected with at least one
sheet (2 sheets in Fig. 3) of membrane elements 3A via

the water collecting pipes L3. Further, the membrane
separation apparatus is installed with backwash lines L7 35

branched from the backwash line L5 and having a

number the same as a number of discharge lines L6

and the backwash line L7 is connected to a correspond-

ing one of the discharge line L6. The discharge line L6

and the backwash line L7 are respectively attached with 40

a sucking valve 15 and a backwash valve 16.

[0041] Next, an explanation will be given of a

method of cleaning the membrane element 3 using the

membrane separation apparatus having the above-

described constitution in reference to a flowchart of Fig. 45

4. The cleaning method differs from the cleaning

method according to the first embodiment in that in the

backwashing operation, the cleaning water 14 is not

supplied simultaneously to the backwash lines L5 and

L7 but the cleaning water 14 is supplied successively to so

the backwash lines L5 and L7. Specifically, the cleaning

operation is carried out as follows.

[0042] That is, firstly, there is brought about a state

in which the sucking valves 7 and 15 are opened, the

backwash valves 11 and 16 are closed, the backwash ss

valves 11 and 16 are closed, the sucking pump 8 is

operated, the backwash pump 12 is stopped and the

blower 5 is operated to thereby carry out membrane

separation of the water to be treated 2 (S200).

[0043] After a predetermined period of time has

elapsed, the membrane elements 3A and 3B are back-

washed as follows. First, there is brought about a state

in which the sucking valve 7 is closed, the backwash
valve 1 1 is opened and the backwash pump 1 2 is oper-

ated (S201, S202) . Further, the cleaning water 14 is

Introduced to the discharge line L4 via the backwash
line L5 and supplied to insides of the membrane ele-

ments 3A via respectives of the water collecting pipes

L3. At this occasion, clogged matters at the insides of

the membrane elements 3A are expelled and adhered

matters are expanded to the outer side and the

expanded adhered matters are easily peeled off by the

fluidized floated solids 9. At this occasion, the sucking

valve 15 stays to be opened and accordingly, the mem-
brane separation of the water to be treated 2 is carried

out at the membrane elements SB.

[0044] After a predetermined period of time has

elapsed, there is brought about a state in which the

sucking valve 7 is opened, the backwash valve 11 and
the sucking valve 15 are closed and the backwash valve

16 is opened and the backwash pump 12 and the suck-

ing pump 8 remain to be operated (S203, S204). Then,

In this case, membrane separation of the water to be

treated 2 is carried out at the membrane elements 3A
and the backwashing operation is carried out at the

membrane elements 3B.

[0045] When a predetermined period of time has
elapsed in this way and the operation is continued, there

is brought about a state in which the backwash pump 12

is stopped, the backwash valves 11 and 16 are closed

and the sucking valves 7 and 15 are opened (S205).

When the membrane elements 3A and 3B are back-

washed in this way, cleaning of the membrane elements

3A and 3B and continuous treatment of the water to be
treated 2 can be carried out simultaneously. Further, in

comparison with a case In which all of the membrane
elements 3A and 3B are simultaneously backwashed,

an amount of supplying the cleaning water 14 is small

and accordingly, downsizing of the backwash pump 12

used In supplying the cleaning water 14 can be

achieved.

[0046] Further, the invention is not limited to the first

and the second embodiments mentioned above. For

example, although in the above-described embodi-

ments, the backwashing operation is carried out inter-

mittently, the backwashing operation may be carried out

successively to every portion of the membrane ele-

ments 3 during a time period in which membrane sepa-

ration is executed. Also in this case, there can be
achieved an effect similar to that In the case in which the

backwashing operation is carried out intermittently to

the respective membrane elements 3 and other portion

of the membrane elements 3 is successively back-

washed.

[0047] Further, there may be canried out the back-

washing operation successively from an end one of a

6
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plurality of the membrane elements 3 which are paral-

lelly installed by connecting each sheet of the mem-
brane element to each of a plurality of backwash lines

via the water collecting pipes L3 and L8.

[0048] Further, the cleaning method according to 5

the invention is effectively applicable to solid/liquid sep-

aration elements of a filter cloth, a screen, a porous

plate (for example, constituted by porous ceramic,

punching metal, porous sintered metal or the like), a

hollow fiber membrane, a tubular membrane (for exam- 1Q

pie, a cylindrical membrane) and so

[0049] As has been explained above, according to

the invention, a solid/liquid separation element is back-

washed while cleaning the solid/liquid separation ele-

ment by fluidizing floated solids and accordingly, the 15

clogged matters at an inner portion of the solid/liquid

separation element are expelled, further, adhered mat-

ters adhered onto the surface of the solid/liquid separa-

tion element are expanded to an outer side and are

easily peeled off by the floated solids and accordingly, 20

collision of the floated solids can be carried out under a

mild condition and clogging of the solid/liquid separation

element can sufficiently be prevented.

[0050] Next, a further specific explanation will be
given of contents of the invention by examples. 25

Examples

Example 1

30

[0051] An explanation will be given of an example In

which the method of cleaning a solid/liquid separation

element according to the Invention is applied to a bio-

logical treatment (activated sludge treatment) appara-

tus of Fig. 1. One piece of a membrane module 35

laminated with 5 sheets of membrane elements each

having a membrane area of 0.05 mm^ (12.5 cm x 20 cm
X 2 (both faces)) with a distance between respective

membranes of 1 3 mm, is dipped in water to be treated

having a sludge concentration of about 7000 through 40

10000 mg/l In a treatment water tank of the biological

treatment apparatus. A polyolefin-species high molecu-

lar MF membrane is used as the solid/liquid separation

element. Further, spherical polypropylene (diameter;

about 3 mm) is made to coexist in the water to be 45

treated as floated solids by a rate of 5g/l, while fluidizing

the floated solids by supplying air by 4 per minute from

below the membrane element, the sucking rate is set to

0.17 I (Im^/m^/d) per minute to thereby carry out the

membrane separation. In this case, the sucking is so

stopped for 3 minutes at every 30 minutes of sucking fil-

tration and conversely, the water is Injected to the inner

portions of the membrane elements to thereby carry out

backwashing operation. The rate of backwashing is set

to 0.17 1 per minute similar to that in the sucking opera- 55

tion. As a result, there is almost no increase in the mem-
brane pressure difference even after 1 year since start

of test and stable operation is made possible. That is.

very stable operation is made possible by combining the

coexistence of floated solids and backwashing.

Comparative Example 1

[0052] Filtration is carried out similar to Example 1

except that backwashing of injecting water to the Inner

portions of the membrane elements is not carried out.

As a result, the membrane pressure difference is rapidly

increased after about 30 days and the membrane clog-

ging is progressed. That is, a long time period of stable

operation of the biological treatment apparatus is diffi-

cult only with the presence of the floated solids.

Comparative Example 2

[0053] Filtration is carried out similar to Example 1

except that floated solids are not added. As a result, the

membrane pressure difference is rapidly increased after

about 40 days and clogging of the membrane is caused.

That Is, a long time period of stable operation of the bio-

logical treatment apparatus is difficult only with back-

washing of injecting water into the inner portions of the

membrane elements.

Comparative Example 3

[0054] Filtration Is carried out similar to Example 1

except that neither of addition of the floated solids and
the backwashing operation of injecting water to the

Inner portions of the membrane elements is carried out.

As a result, the membrane pressure difference is rapidly

increased after about 5 days and clogging of the mem-
brane is progressed significantly fast.

Claims

1. A method of cleaning a solid/liquid separation ele-

ment characterized in that in a method of cleaning

a solid/liquid separation element for cleaning the

solid/liquid separation element arranged to dip in

water to be treated in a treatment water tank by flu-

idizing a floated solid in the water to be treated:

wherein the solid/liquid separation element

is backwashed by supplying cleaning water inter-

mittently to an inner portion of the solid/liquid sepa-

ration element.

2. The method of cleaning a solid/liquid separation

element according to Claim 1 , characterized in that

when the solid/liquid separation element comprises

a plurality of solid/liquid separation elements, the

solid/liquid separation element is backwashed by

successively supplying the cleaning water to every

portion of the solid/liquid separation element.

3. The method of cleaning a solid/liquid separation

element according to Claim 1. characterized in that

7
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when the solid/liquid separation element comprises

a plurality of solid/liquid separation elements, the

solid/liquid separation element is backwashed by

supplying the cleaning water simultaneously to the

plurality of solid/liquid separation elements. 5

4. The method of cleaning a solid/liquid separation

element according to any one of Claims 1 through

3. characterized in that a gas is also used in addi-

tion to the cleaning water in backwashing the 10

solid/liquid separation element.

5. A method of cleaning a solid/liquid separation ele-

ment for cleaning a plurality of solid/iiquid separa-

tion elements arranged to dip in water to be treated 15

in a treatment water tank by fluidizing a floated solid

in the water to be treated:

wherein the solid/liquid separation elements are

backwashed by supplying cleaning water succes-

sively to every portion of the plurality of solid/liquid 20

separation elements.

solid by supplying a gas to the water to be

treated; and

discharging means for discharging treated

water produced by subjecting the water to be

treated to solid/liquid separation by the element

for separation from the treatment water tank,

further comprising:

cleaning water supplying means for supplying

cleaning water to an inner portion of the

solid/liquid separation element.

The solid/liquid separation apparatus according to

Claim 9, characterized in that the solid/liquid sepa-

ration element comprises a plurality of solid/liquid

separation elements and the cleaning water supply-

ing means is capable of supplying the cleaning

water to every portion of the solid/liquid separation

element.

6. The method of cleaning a solid/liquid separation

element according to any one of Claims 1 through

5. characterized in that the solid/liquid separation 25

element is selected from a group consisting of a

reverse osmosis membrane, a nano filtration mem-
brane, an ultrafiltration membrane, a micro filtration

membrane, a filter cloth, a porous plate and a

screen. 30

7. The method of cleaning a solid/liquid separation

element according to any one of Claims 1 through

6, characterized in that as the cleaning water, an

aqueous solution including at least one kind 35

selected from a group consisting of an acid, an

alkali, a chelating agent, a surfactant, an oxidant

and a reducing agent.

8. The method of cleaning a membrane of a mem- 40

brane separation apparatus according to any one of

Claims 1 through 7, characterized in that the mem-
brane element is cleaned by aerating a gas dis-

charged via a plurality of diffusing ports, the

diffusing ports for discharging the gas being 45

switched at least one time.

A solid/liquid separation apparatus characterized in

that in a solid/liquid separation apparatus compris-

ing: so

a treatment water tank;

a solid/liquid separation element arranged to

dip in water to be treated in the treatment water

tank; 55

a floated solid present in the water to be

treated;

an air supply device for fluidizing the floated

8
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